Abstract: We developed a novel nanocomposite consisting of an organic-inorganic hybrid polymer modified with near-infrared emitting core-shell quantum dots. The composite has both high third-order nonlinearity and a high quantum efficiency and is suitable for photonic crystal fabrication.
INTRODUCTION
Organic-inorganic hybrid polymers have been demonstrated to be superior materials for multi-photon fabrication of functional miniaturised photonic structures [1, 2] . The incorporation of unique emission-tunable nanocrystal quantum dots (QDs) can transform the plane polymer into a multi-functional active medium thus opening various possibilities for achieving novel active photonic devices. In this paper, we demonstrate the functionalisation of the organic-inorganic polymer, namely Ormocer, by lead-based core-shell QDs to achieve both high nonlinearity and emission in the technically important telecommunication region. It has been shown through the Z-Scan measurement that the nanocomposites possess an ultra-high third-order nonlinearity. In the meantime, 3D photonic crystals (PCs) with stop gaps matching the emission of QDs have been successfully fabricated in the modified polymer using the two-photon polymerisation (2PP) technique.
RESULTS AND DISCUSSION
Due to their nanometric size, high emitting efficiency, narrow and tunable emission line width, QDs have been considered as the most appealing candidate for point light sources for active micro/nano devices. However, core-only QDs tend to be attacked by oxidation, bleaching and contamination, which eventually degrades their radiation properties dramatically. Core-shell QDs is a new concept to solve this problem. Through coating PbSe cores with a thin layer of a wider band-gap semiconductor (PbS or CdSe), not only the quantum yields of the emitters can be increased remarkably but also their stability significantly improved. PbSe was selected because it has a near-infrared emission band and high third-order nonlinearity [3] . As shown in Fig. 1 , the absorption and emission spectra of the core-shell QDs used in this article are presented. Due to the uniform size distribution of the QDs, a narrow emission band (<150 nm) with a symmetric Gaussian shape is observed in the telecommunication wavelength region (~1550 nm). Using a sol-gel method such high quality QDs were uniformly dispersed in the polymer matrix. It has been found that the nanocomposites remained transparent for visible light even at high doping concentrations. The nonlinearity of the nanocomposites was measured with a modified closed-aperture z-scan method at 780 nm [4] . A high third-order nonlinearity of the order of 10 12 cm 2 /W has been obtained.
The nanocomposites were used in the fabrication of PCs with the 2PP method, in which femtosecond pulses (~200 fs) operating at wavelength 580 nm were focused into the nanocomposites with an oil immersion objective (Olympus, numerical aperture 1.4, 100×) [1,2,5]. 3D woodpile PCs of different rod spacing were fabricated with various exposure power levels under a constant fabrication speed of 60 m/s [1,2]. As shown in Fig. 2(a) , the 3D woodpile PC consists of layers of one-dimensional rods with a stacking sequence that repeats itself every four layers. Within each layer, the axes of the rods are parallel to each other with a period of d. The adjacent layers are rotated by 90 o and the rods in every other layer are shifted relative to each other by d/2. Generally, the resulting structure has a face-centered tetragonal (fct) lattice symmetry. When the height of the four layers (c) and the layer spacing of each layer (d) satisfy the special case of c/d= 2 , the lattice symmetry of the structure is face-centered cubic (fcc). The transmission spectra of the woodpile PCs in the stacking direction were characterized with a pinhole-assisted Nicolet) [1, 2, 5] . Stop gaps with approximately 80% suppression in transmission at telecommunication wavelength region have been achieved, which further confirms the high quality of the fabricated 3D PCs. It has been found that for increased QD doping concentration the measured stop gaps showed a shift towards the longer wavelength region due to the increase of the effective refractive index (from 1.552 to 1.6). [5] -infrared photonic crystals with higher-order l nanocomposite organic-inorganic hybrid polymer modified with near infrared emitting core/shell QDs was developed. It has been demonstrated that the composite has both high third-order nonlinearity and high quantum efficiency in the telecommunication wavelength region due to the highly stable core/shell quantum dots. The composite has been proved to be suitable for functional micro/nano photonic device fabrication using the two-photon polymerisation technique. 
